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Abstract. [Purpose] The physical strength elements required for athletic throwing events include muscle strength, 
swiftness, agility, speed, flexibility, and physical balance. Although plyometric training and weight training are 
implemented as representative training methods for improving swiftness and agility, most studies of it have been 
conducted with players of other sports. [Subjects] The study subjects were 10 throwing event athletes attending 
K physical education high school. The subjects were randomly assigned to a control group of five subjects and an 
experimental group of five subjects. To analyze the body composition, an Inbody 3.0 instrument (Biospace, Korea) 
was used as experimental equipment to measure heights, weight, body fat percentages, and muscle masses and a 
Biodex system 4.0 (BIODEX, USA) was used to measure isokinetic muscle-joint and lumbar muscle strengths. The 
plyometric training consisted of 15 techniques out of the training methods introduced in the 'Power up plyometric 
training'. The plyometric program was implemented without any training load three times per week during day- 
break exercises for the experimental group. The number of times and the number of sets were changed over time as 
follows: three sets of 10 times in the 1st -4th weeks, three sets of 15 times in the 5th-8th weeks, and five sets of 15 
times in the 9th-12th weeks. [Results] According to the ANCOVA results of lumbar extensor muscle strength at 607 
sec, the overall reliability of the model was significant. According to the ANCOVA results of lumbar flexor muscle 
strength at 60°/sec, the overall reliability of the model was significant. [Conclusion] Plyometric training positively 
affected high school throwing event athletes. To summarize the study findings, the application of plyometric train- 
ing with high intensity and loads improved the results of athletes who perform highly intensive exercises at normal 
times. 
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INTRODUCTION 

The purpose of all sports training is the maximization of 
the physical and mental elements required to perform exer- 
cises or play games. Therefore, the application of special- 
ized and specific training suitable for sports is important. 
In particular, the acquisition of maximum muscle strength 
and power is an essential element of all sports. Plyometric 
training is widely used as a method of developing explosive 
power capacity in those sports that require jumping ability 
such as athletics, basketball, and voUeyball'l 

Most sports require various kinds of fast and slow mus- 
cle strength and speed^'. Although typical training methods 
for increasing the muscle strength of athletes include weight 



*Corresponding author. Joong Chul Lee (e-mail: chan- 
nel365@hanmail.net) 

©2014 The Society of Physical Therapy Science 
This is an open-access article distributed under the terms of the Cre- 
ative Commons Attribution Non-Commercial No Derivatives (by-nc- 
nd) License <http://creativecommons.Org/licenses/by-nc-nd/3.0/>. 



training, such as resistance exercises and plyometric train- 
ing^), the power necessary for explosive jumping refers to 
the power exhibited in dynamic states'*^. 

Plyometric training is a type of muscle strength exercise 
that can improve basic physical strength and it has been ex- 
tensively studied for the improvement of exercise perfor- 
mance ability. It is an explosive and repetitive rebounding 
load type exercise that uses the muscles' stretch reflexes 
and stretch- shortening cycles to develop lower extremity 
muscles^' ^\ Stretch reflexes are used to promote motor imit 
mobilization in order to reduce differences between speeds 
and muscle strength^^ 

In athletics, diverse efforts have been made to try and 
enhance records through active studies and the develop- 
ment of training methods. With increasing interest in ath- 
letics, the importance of athletics scientification has been 
recognized. Desired records in athletics cannot be achieved 
only with natural movements and efforts, but also require 
more reasonable and scientific training content and meth- 
ods^'. The physical strength elements required for athletic 
throwing events include muscle strength, swiftness, agility. 
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Table 1. Training acliv itics 

Program period (week) 



Activity 1-4 5-8 9-12 





ret) 


set 


reD 


set 


reo 


set 


1. Lateral jump with both feet 


10 


3 


15 


3 


15 


5 


2. Jumping and kicking up the heel 


10 


3 


15 


3 


15 


5 


3. Squat jump 


10 


3 


15 


3 


15 


5 


4. Power skipping 


10 


3 


15 


3 


15 


5 


5. Jumping with both feet and grabbing the ankles 


10 


3 


15 


3 


15 


5 


6. Star jump 


10 


3 


15 


3 


15 


5 


7. Jumping and touching the toes 


10 


3 


15 


3 


15 


5 


8. Standing scissors jump 


10 


3 


15 


3 


15 


5 


9. Consecutive scissors jump 


10 


3 


15 


3 


15 


5 


10. Lateral jump with one foot 


10 


3 


15 


3 


15 


5 


11. Jump and dead run 


10 


3 


15 


3 


15 


5 


12. Running up the stairs with one foot 


10 


3 


15 


3 


15 


5 


13. Running up the stairs with both feet 


10 


3 


15 


3 


15 


5 


14. Running up the stairs aside 


10 


3 


15 


3 


15 


5 


15. Running fast and light 


10 


3 


15 


3 


15 


5 



Speed, flexibility, and physical balance. Although plyomet- 

ric training and weight training are implemented as rep- 
resentative training methods for improving swiftness and 
agility, most studies of it have been conducted with players 
of other sports. 

Therefore, the purpose of the present study was to iden- 
tify the effects of lower extremity plyometric training for 12 
weeks, performed by high school throwing event athletes, 
on isokinetic lower extremity muscle strength and lumbar 
muscle strength in order to develop more efficient training 
methods. 

SUBJECTS AND METHODS 

The study subjects were 10 throwing event athletes at- 
tending K physical education high school. The subjects 
were randomly assigned to a control group of five sub- 
jects and an experimental group of five subjects. The ex- 
perimental group performed 12 weeks of lower extremity 
plyometric training in addition to general physical strength 
training programs implemented during school hours. The 
control group performed training other than lower ex- 
tremity plyometric training. The control group (n=5) was 
17.60±0.54 years old in age, 1.74.58±4.60 cm in height, and 
73.22±9.90 kg in weight, and had 14.52±5.67% body fat, 
and kg lean body mass 32.92±4.81. The plyometric training 
group was 17.60±0.89 years old in age, 173.58±7.78 cm in 
height, and 77.22±11.66 kg in weight, and had 15.34±6.30% 
body fat, and 35.16±26.85 81 kg LBM. 

To analyze the body composition, an Inbody 3.0 instru- 
ment (Biospace, Korea) was used as experimental equip- 
ment to measure the subjects' heights, weight, body fat 
percentages, and muscle masses and a Biodex system 4.0 
(BIODEX, USA) was used to measure isokinetic muscle- 
joint and lumbar muscle strengths. 

The plyometric training consisted of 15 techniques out of 



the training methods introduced in the 'Power up plyomet- 
ric training'^\ The details are as presented in Table 1 . The 
plyometric program was implemented without any training 
load three times per week during daybreak exercises per- 
formed by the experimental group. The number of times 
and the number of sets were changed over time as follows: 
three sets of 10 times in the lst-4th weeks, three sets of 15 
times in the 5th-8th weeks, and five sets of 15 times in the 
9th-12th weeks. 

To measure kinetic lumbar muscle strength, a Biodex 
System 4.0 was used to measure average power. When sta- 
bilized after warm-up exercises, the subject's body regions 
other than the lumbar region were fixed using adjustable 
pads so that they would not be subject to external force 
during extension and flexion movements. The lower ex- 
tremities and the chest were fixed using straps to restrict the 
actions of the other muscles. The rotation axis of the joint 
being tested was aligned with the rotation axis of the dyna- 
mometer, and the subjects were encouraged to exert maxi- 
mum efforts. The average power of flexion and extension 
was calculated from the values of 4 repeated measurements 
of lumbar extension and flexion at 607sec. 

The data obtained were processed using the SAS ver 9.12 
statistics program. The means and standard deviations of 
the two groups were calculated. To examine differences be- 
tween the groups and between measurement time points, the 
results of the prior test were set as covariates and analyses 
of covariance (ANCOVA) were conducted. Post hoc tests of 
differences between the groups were conducted using the 
least squares mean (LSM) method only when the assump- 
tion that the gradients of regression lines were statistically 
the same within the groups was established, and improve- 
ment rate independent t-tests were conducted to examine 
differences in records between athletes of different items. 
The statistical significant level was chosen as a<0.05. 

All the subjects understood the purpose of this study and 
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Table 2. Least mean square (LSM) of lumbar extensor muscle strength at 607sec and compari- 
son of differences between the groups (Nm) 



Group 


pre_M±SD 


post_M±SD 


MEAN 


SD 




Control group 


327.22±58.41 


274.62±49.95 


280.57 


14.38 


* 


Experimental group 


341.84±81.96 


382.58±77.65 


376.62 


14.38 





*p<0.01 



Table 3. Least mean square (LSM) of lumbar flexor muscle strength at 607sec and comparison of 

differences between the groups (Nm) 



Group 


pre_M±SD 


post_M±SD 


MEAN 


SD 


Control group 


170.12±44.75 


153.94±20.24 


153.37 


9.28 

* 


Experimental group 


167.44±45.25 


185.68±32.45 


186.24 


9.28 



*p<0.01 



provided their written informed consent prior to their par- 
ticipation in the study in accordance with the ethical stan- 
dards of the Declaration of Helsinki. 

RESULTS 

According to the ANCOVA results of lumbar exten- 
sor muscle strength at 607sec, the overall reliability of the 
model was significant (F=27.28 p<0.001). In the results of 
the prior test, the common gradient of regression straight 
lines of lumbar extensor muscle strength at 607sec was 
significant within each treatment, indicating that the initial 
value of the ANCOVA did not significantly affect actions 
after the treatment (F=26.19 p<0.001). The main effect, i.e., 
the differences between the groups resulting from the ex- 
perimental treatment, was significant (F=22.15, p<0.002). 

In the lumbar extensor muscle strength at 607sec, the 
standard deviation of the control group decreased from 
327.22±58.41 Nm in the prior test to 274.62±49.95 Nm in 
the post-treatment test, and the standard deviation of the 
experimental group improved from 341.84±81.96 Nm in 
the prior test to 382.58±77.65 Nm in the post-treatment test 
(Table 2). 

The LSMs of both groups were compared and the results 
shown in (Table 2) indicated that there were differences 
when seen based on two-tailed tests (p<0.002). However, 
one-tailed tests were appropriate in the present study, and 
the significance level was eventually shown to be 0.001 
(0.002x1/2), indicating that the lumbar extensor muscle 
strength at 607sec was significantly different between the 
two groups. 

According to the ANCOVA results of lumbar flexor mus- 
cle strength at 607sec, the overall reliability of the model 
was significant (F=6.21 p<0.02). The common gradient of 
linear regression of lumbar flexor muscle strength at 607 
sec was significant within each treatment, indicating that 
the initial value of the ANCOVA did not significantly affect 
post-treatment actions (F=6.58 p<0.003). The main effect, 
i.e., the differences between the groups made by the experi- 
mental treatment, was significant (F=6.26, p<0.004). 

In the lumbar flexor muscle strength at 607sec, the 
standard deviation of the control group decreased from 



170.12±44.75 Nm in the pre-test to 153.94±20.24 Nm in the 
post-test and the standard deviation of the experimental 
group improved from 167.44±45.25 Nm in the pre-test to 
185.68±32.45 Nm in the post-test (Table 3). 

The LSMs of both groups were compared and the results 
(Table 5) indicate that there were differences based on two- 
tailed tests (p<0.004). However, one-tailed tests were ap- 
propriate for the present study, and the significance level 
was eventually shown to be 0.002 (0.004x1/2), indicating 
that the lumbar flexor muscle strength at 607sec was sig- 
nificantly different between the two groups. 

DISCUSSION 

Since measurement of peak torque is very accurate and 
is highly reproducible, all isokinetic contractile force values 
can be standardized and utilized as reference data. Many 
researchers have reported on isokinetic muscle functions''. 

In the present sudy, lumbar flexor/extensor muscle 
strength at 607sec in two-tailed tests showed significant 
differences between the two groups (p<0.01). This result is 
consistent with those of Youm and colleagues"*', who re- 
ported that after implementing abs and back training, the 
expression ratio of abdominal and lumbar muscle strengths 
significantly increased (14.53%), and also with those of 
Brittenham"', who reported that abdominal/lumbar train- 
ing evenly developed abdominal, spinal, and gluteal mus- 
cles conferring positive effects on power expression. The 
differences in isokinetic muscle strength centered on the 
waist between sports activities are similar to as the results 
of a previous study which indicated that the major reason is 
the development of the muscles around the waist'^l 

Although plyometric training mainly jumping consist of 
exercises, appropriate levels of stimulation are required for 
back muscle strength to increase lower extremity muscle 
strength. Ju'^' reported that plyometric training was corre- 
lated with the improvement of lumbar joint flexor/extensor 
muscle strength. 

Standaert and colleagues"*' reported that when posture 
swayed due to lumbar stabilization exercises, the transver- 
sus abdominis muscle (TrA) was activated and that muscle 
activity was reduced when lumbar stability was deficient or 
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there was a problem in motor control. Gresswell and col- 
leagues'^' reported that functional activities caused changes 
in intra-abdominal pressure and that the TrA was activated 
before the Erector Spinae Muscle was activated when loads 
were imposed on the spine. 

Maffiuletti et al.'*' reported that four weeks of plyomet- 
ric training performed by 10 female volleyball players im- 
proved lower extremity muscle strength by 20%. Although 
most studies of plyometric training examined the degree 
of improvement of lower extremity muscle strength, the 
present study revealed good results from an examination 
of lumbar flexor/extensor muscle strength. We consider that 
the increase in core muscle strength improved the athletes' 
motor abilities. 

Plyometric training positively affected the performance 
of high school throwing event athletes. To summarize the 
study findings, the application of plyometric training with 
high intensity and loads improved the performance of ath- 
letes who perform highly intensive exercises at normal 
times. 

REFERENCES 

1) Kim HY: Effects of plyometric training on anlcle joint motion and jump 
performance. Korean J Sports Med, 2012, 30: 47-54. [CrossRef] 

2) Park JH: The Effect of short term Plyometric & Isotonic Training on Power 
Abilities. Graduate School Chosun University, 2000, pp 15-18. 

3) Yang JH, Park CU, Choi JH: Effect of 24-week weight training and plyo- 
metric training on the physique, body composition and fitness of inale high 



school students. J Sport Leis Stud, 2007, 30: 583-593. 

4) Lee CS, Choi SN: The effects of 12 weeks plyometric training on the mus- 
cular functions of lower extremities of jumpers. Korea Sport Res, 2005, 16: 
897-908. 

5) Impellizzeri FM, Rampinini E, Castagna C, et al.: Effect of plyoinetric 
training on sand versus grass on muscle soreness and jumping and sprint- 
ing ability in soccer players. Br J Sports Med, 2007, 42: 42-46. [Medline] 
[CrossRef] 

6) Komi PV: Strength and power in sports. Champaign: Human Kinetics, 
1992, pp 113-117. 

7) Wilinore JH, Costil DL, Keney WL: Physiology of sport and exercise, 4th 
ed. Champaign: Human Kinetics, 2008, pp 56-58. 

8) Lee K.B: Effect that Plyometric Training gets 100m running. Graduate 
School Suwon University, 2005, pp 23-28. 

9) Kannus P, Yasuda L: Peak torque and total work relationship in the muscle 
offer anterior cruciate ligament injury. J Orthop Sports Phys Ther, 1992, 
10: 97-101. 

10) Youm DC, Moon YJ, Youn SW: The effect of balance rate variation on 
snatch technique through abdominal/back muscle training. Korean Jour- 
nal of Sport Science, 2004, 15: 136-144. 

11) Brittenham D: A Stronger abs and back: 165 exercise to build your center 
of power. Champaign: Human Kinetics, 1997, pp 86-88. 

12) Perrine HD: Isokinetic Exercise and Assessment. Champaign: Human Ki- 
netics Publishers, 1993, pp 106-109. 

13) Ju JW: The Effect of a 12-week Plyometric Training on the Improvement 
of the physical Fitness and Athletic Performance of Sprinter Swimmer. 
Master Thesis graduate school Kyungsung University, 2010, pp 37-52. 

14) Standaert CJ, Weinstein SM, Rumpeltes J: Evidence-informed manage- 
ment of chronic trunk low back pain with luinbar stabilization exercise. 
Spine J, 2008, 8: 114-120. [Medline] [CrossRef] 

15) Cresswell AG, Oddsson L, Yhorstensson A: The influence of sudden per- 
turbations on trunk muscle activity and intra-abdominal pressure while 
standing. Exp Brain Res, 1994, 98: 336-341. [Medline] [CrossRef] 

16) Maffiuletti NA, Dugnani S, Folz M, et al.: Effect of combined electro stim- 
ulation and plyometric training on vertical jump height. Med Sci Sports 
Exerc, 2002, 34: 1638-1644. [Medline] [CrossRef] 



